Hirschmanniella anchoryzae from Iran and Pratylenchus hippeastri from South Africa were recovered during a survey of plant-parasitic nematodes belonging to the family Pratylenchidae. Both species were studied using morphological and molecular techniques. Hirschmanniella anchoryzae is identified based on the flattened head, short stylet (19-22 µm), excretory pore position (anterior to pharyngo-intestinal junction), spicule length (27-30 µm), and existence of an axial mucro at the tail end. Phylogenetic analysis using 28S rDNA showed monophyly of Hirschmanniella which Iranian H. anchoryzae placed close to H. halophila (EU620464; EU620465). This result was supported by the principal component analysis of Hirschmanniella species. SEM observation of the South African population of P. hip peastri showed the presence of two annuli in the lip region. Morphometric characters resembled those of specimens earlier reported from South Africa. Hierarchal cluster using morphometrical criteria showed that the Floridian (USA) and South African populations form a group. However, the principal component analysis showed variation within this species. The molecular study of P. hippeastri populations using 18S, ITS, 28S rDNA, and COI of mtDNA showed that all P. hippeastri cluster in one group and confirmed the identification of the species using both morphological and molecular techniques. In addition, the results indicated that South African populations group close to the USA populations. Illustrations of both species including light and scanning electron microscopy observations for P. hippeastri are provided.
The root-lesion nematodes belong to the family Pratylenchidae and cause severe damage on various crops and yield reduction (Perry and Moens, 2013) . The genus Hirschmanniella has been established by Luc and Goodey (1964) . To date, three known species of Hirschmanniella, namely, H. anchoryzae (Ebsary and Anderson, 1982) , H. gracilis (De Man, 1880; Luc and Goodey, 1964) , and H. oryzae (Van Breda de Haan, 1902; Luc and Goodey, 1964) , and with two unknown Hirschmanniella have been reported from Iran (Majd Taheri et al., 2013) . Those species have been studied by morphological characters except for two unknowns which have been studied by morphological and molecular DNA barcoding using 28S rDNA (Majd Taheri et al., 2013) . Root-lesion nematodes, Praty lenchus (Filipjev, 1936) , are after root-knot and cyst nematodes listed as the third economically most important genus that adversely affects crop production worldwide (Castillo and Vovlas, 2007; Jones et al., 2013) . Pratylenchus hippeastri, the amaryllis lesion nematode, was first described by Inserra et al. (2007) from roots of Hippeastrum sp. in Florida (USA). Inserra et al. (2007) distinguished the species due to individuals having slender bodies, flat, plain, and smooth head regions with two lip annuli (some specimens with an incomplete third annulus) of which the second lip annulus is thicker than the first, ellipsoidal stylet knobs, rectangular and empty spermathecae with large round cavities, and conoid tails with bluntly pointed termini, usually with ventral constrictions or subhemispherical and smoothened. Three years later, the male of this species was described by De Luca et al. (2010) from bromeliads in Florida. Posteriorly, Gu et al. (2014) and Wang et al. (2016) reported the species from the rhizosphere of apple in Japan and China, respectively.
The main objectives of the present study were to (i) to identify the populations of Hischmanniella and P. hippeastri using morphology, morphometrics, and molecular DNA barcoding; (ii) to study of morphological variations among different P. hippeastri populations, and (iii) to determine the phylogenetic position of H. an choryzae from Iran using 28S rDNA and P. hippeastri from South Africa using rDNA and mtDNA genes.
Materials and methods

Nematode materials
In 2015, Hirschmanniella specimens were collected from the rhizosphere of Mentha aquatica in Royan (Mazandaran Province, Iran) and Pratylenchus specimens were collected from rhizosphere soil samples of Cape Willow trees (Salix mucronata) growing on the banks of the Mooiriver in Potchefstroom (North-West Province, South Africa) and extracted from soil using the Whitehead tray method (Whitehead and Hemmings, 1965) . Nematodes were fixed with a hot 4% formaldehyde solution and transferred to anhydrous glycerin (De Grisse, 1969) . Measurements were done using an Olympus CH-2 and Omax light microscope (Nematology Laboratory; University of Limpopo) equipped with an ocular micro-and/or a curvimeter and drawing tube.
Scanning electron microscopy (SEM)
Specimens preserved in glycerine were selected for observation under SEM according to Abolafia (2015) . The nematodes were hydrated in distilled water, dehydrated in a graded ethanol-acetone series, critical point dried, coated with gold, and observed with a Zeiss Merlin microscope (5 kV) (Zeiss, Oberkochen, Germany).
Statistical analysis
Principal component analysis and the correlation of morphometric data using the Pearson method was done by XLSTAT (Addinsoft, 2007) . In total, 11 morphometric traits obtained from fixed nematodes including 'de Man's indices ' (a, b, b′, c, c′, and V) , body length, stylet length, pharynx length, tail length, and position of the excretory pore were used for PCA analysis of Hirschmanniella. The species, namely, H. halophi la (Germany: Sturhan and Hallmann, 2010) , H. loofi (The Netherlands: Sher, 1968; Germany: Bert and Geraert, 2000) Sher, 1968; Tiawan: Lin, 1970) , H. mucronata (India, the Philippines and Thailand: Sher, 1968; Taiwan: Chen et al., 2006; Cambodia: Khun et al., 2015) , H. belli (USA: Sher, 1968 ), H. santarosae (USA: De Ley et al., 2007 , and H. anchoryzae (Canada: Ebsary and Anderson, 1982; Iran: Pourjam et al., 2000, present study) were studied. Regarding Praty lenchus species, hierarchical clustering analysis was done using morphometric data and the Rstudio, pvclust package (Suzuki and Shimodaira, 2015) . To perform this analysis, 63 specimens of P. hippeastri were used. The averaged populations used for comparative purposes, hierarchical clustering as well as their morphometric data are available in the databases from the USA, two populations from Florida; for 32 specimens, respectively (Inserra et al., 2007; De Luca et al., 2012) , 16 specimens from Japan (Gu et al., 2014) , 10 specimens from China (Wang et al., 2016) , and 5 specimens from South Africa as presented in the current study. In total, 14 morphometric traits obtained from fixed nematodes were used for identification purposes and hierarchical clustering analysis: 'de Man's indices' (a, b, b′, c, c′, and V) , body length, pharynx overlapping (distance from pharyngeal-intestinal junction to the end of overlapping), stylet length, DGO, MB (middle of metacorpus to anterior end), post vulva sac length, tail length, and position of the phasmid (Castillo and Vovlas, 2007) . Data on the morphometric measurements of the populations were analyzed using the bootstrap method. The same morphometric characters except b' were used for PCA analysis of P. hippeastri.
DNA extraction, PCR, and phylogenetic analysis
DNA extraction was done using the Chelex method (Straube and Juen, 2013) . Five specimens of each species were hand-picked with a fine tip needle and transferred to a 1.5 ml Eppendorf tube containing 20 µ l double distilled water. The nematodes in the tube were crushed with the tip of a fine needle and vortexed. In total, 30 µL of 5% Chelex® 50 and 2 µL of proteinase K were added to each of the microcentrifuge tubes that contained the crushed nematodes and mixed. These separate microcentrifuge tubes with the nematode lysate were incubated at 56°C for 2 hr, and then incubated at 95°C for 10 min to deactivate the proteinase K and finally spin for 2 min at 16,000 rpm (Shokoohi et al., 2018) . The supernatant was then extracted from each of the tubes and stored at −20°C. Following this step, the forward and reverse primers, SSU F04 (5′-GCTTGTCTCAAAGATTAAGCC-3′) and SSU R26 (5′-CATTCTTGGCAAATGCTTTCG-3′); 18s (5′-TTGATTACGTCCCTGCCCTTT-3′) and 26s (5′-TTTCACTCGCCGTTACTAAGG-3′); D2A (5′-ACAAG TACCGTGAGGGAAAGTTG-3′), D3B (5′-TCGGAAGG AACCAGCTACTA-3′) and JB3 (5′-TTT TTT GGG CAT CCT GAG GTT TAT-3′), JB4.5 (5′-TAA AGA AAG AAC ATA ATG AAA ATG-3′) (Vrain et al., 1992; Blaxter et al., 1998; Subbotin et al., 2006; Derycke et al., 2010) were used in the PCR reactions for partial amplification of the 18S rDNA, ITS rDNA, 28S rDNA, and COI of mtDNA region. PCR was conducted with 8 µ l of the DNA template, 12.5 µl of 2X PCR Master Mix Red (Promega, USA) for the South African specimens and (Pishgam, Iran) for the Iranian specimens), 1 µ l of each primer (10 pmol µ l −1 ), and ddH 2 O for a final volume of 30 µ l. The amplification was processed using an Eppendorf master cycler gradient (Eppendorf, Hamburg, Germany), with the following program: initial denaturation for 3 min at 94°C, 37 cycles of denaturation for 45 sec at 94°C; 54°C, 55°C, 56°C, and 52°C annealing temperatures for 18S, ITS, 28S rDNA, and COI of mtDNA, respectively; extension for 45 sec to 1 min at 72°C, and finally an extension step of 6 min at 72°C followed by a temperature on hold at 4°C. Regarding Hirschmanniella only 28S rDNA and COI of mtDNA have been used for DNA amplification. After DNA amplification, 4 µ l of product from each tube was loaded on a 1% agarose gel in TBE buffer (40 mM Tris, 40 mM boric acid, and 1 mM EDTA) for evaluation of the DNA bands. The bands were stained with RedGel (ethidium bromide for the Iranian specimens) and visualized and photographed on a UV transilluminator. The amplicons of each gene were stored at -20°C. Finally, the PCR products were purified for sequencing by Inqaba Biotech (South Africa) and Pishgam (Iran) for the Iranian specimens. Available sequences for other Hirschmanniella and Pratylenchus spp. were obtained from NCBI GenBank for comparison (Table 1) . Also, as outgroups, Pratylenchus vlunus (EU130885) for Hirschmanniella based on the study of Khun et al. (2015) , and Zygotylenchus guevarai (Tobar Jiménez, 1963; Braun and Loof, 1966 ) (AF442189; FJ717817; JQ917439) based on the study of Shokoohi (2013) were obtained for comparison of 18S, ITS, and 28S rDNA. Rotylenchus macrosoma (Dasgupta et al., 1968 ) (KY992847) was used as the outgroup for the COI of mtDNA analyses based on the study of Van Megen et al. (2009) . The ribosomal and mitochondrial DNA sequences were analyzed and edited with BioEdit (Hall, 1999) and aligned using CLUSTAL W (Thompson et al., 1994) . The length of the alignments was 1,794, 1,322, 838, and 445 bps for 18S, ITS, 28S rDNA, and COI of mtDNA, respectively, while the length of 28S rDNA alignment for Hirschmanniella species was 831 bp. Phylogenetic trees were generated using the Bayesian inference method as implemented in the program Mr Bayes 3.1.2 (Ronquist and Huelsenbeck, 2003 ). The GTR+I+G model was selected using jModeltest 2.1.10 (Guindon and Gascuel, 2003; Darriba et al., 2012) . Then, the selected model was initiated with a random starting tree and ran with the Markov chain Monte Carlo (MCMC) for 10 6 generations. The partial rDNA and COI of mtDNA sequences of P. hippeastri and 28S rDNA and COI of mtDNA of H. anchoryzae were deposited in GenBank and their accession numbers are shown in Table 2 .
Results
Hirschmanniella anchoryzae (Ebsary and Anderson, 1982) ( Fig. 1 ; Table 3 ).
Females
The description of female body of Hirschmanniella anchoryzae is as follows: body length is from 1,740 to 1,895 µ m, slightly curved to 'C' shaped after fixation, some specimens slightly straight; cuticle is finely annulated with 1.2 to 1.5 µ m wide at midbody; maximum body diameter is of 26 to 29 µm; cephalic region is continuous with the body; lip region is flat, with a slight depression, bearing four to five annuli; lateral field is with four lines, 8 to 10 µ m width, occupying about 31 to 34% of midbody diameter, aereolated along the body especially in the tail region; stylet length is from 19 to 21 µ m, basal knobs usually rounded, and stylet conus 46 to 50% of the total length of the stylet; dorsal pharyngeal gland opening (DGO) is at 3 to 4 µ m posterior to stylet base; median bulb is spherical to oval with 7 to 11×9 to 10 µm length and width, respectively; nerve ring is located just after isthmus, at 27 to 28% of the neck (from head to end of pharyngeal gland overlapping); excretory pores are at 1 to 8 µ m anterior to the pharyngeal-intestinal junction, at 35 to 37% of the neck; hemizonid is 5 to 8 µm anterior to excretory pore; pharyngeal glands are overlapped with 8 to 10 times than the corresponding body diameter; pharynx is 380 to 410 µ m long, about 22% of the body length; in reproductive system didelphic amphidelphic, ovary is not reaching the pharyngeal glands; oocytes are in one or two rows; vulva occupies 35 to 40% of the corresponding body diameter; spermatheca is visible, oval shape, with sperm; vulva is with a transverse slit with not protruded lips, V = 53 to 57; tail is 96 to 106 µm long, conical, elongated with 63 to 80 ventral annuli and axial mucro, in some specimens the appendage visible as a notch; and phasmid is located at about middle of the tail, 57 to 61% of the tail length.
Male
The structure of male body is similar to the female body with hypoptygma. Reproductive system is monorchid. Spicules tylenchoidis of 30 to 35 µm length, paired, separate in ventral view, smooth, and ventrally arcuate in lateral view; rounded manubrium; calamus very short, lamina thin, ventral curved end. In lateral view, the gubernaculum is bent, 5 to 8 µm length, 18 to 26% of spicule length. Bursa is leptoderan. Phasmid is 60 to 70% of the tail length. Tail is conical, elongated, 81 to 87 µm with axial mucro at tail tip.
Remarks
Four females from Royan (Mazandaran Province, Iran) in a good state of preservation were studied. Iranian population of Hirschmanniella is similar to H. an choryzae based on the original description and the identification key (Ebsary and Anderson, 1982) . In comparison with the H. anchoryzae reported previously from Iran (Pourjam et al., 2000) , they differ in female body length (1,740-1,895 vs 1,580-1,680 µm) and spicule length (27-30 µm vs 39-40 µm). This population differentiate from H. oryzae (Luc and Goodey, 1964) in having longer spicule (27-30 µm vs 18-26 µm) and shorter gubernaculum (5-8 µm vs 9-14 µm) (Khan and Bala, 2003) . This population also resembles H. gracilis (De Man, 1880; Luc and Goodey, 1964) . However, the two differed in the upper range of the body length (1.9 and 1.6 mm for female and male, respectively, vs 2.2 and 2.0 mm for female and male, respectively), stylet length (19-21 µm vs 20-24 µm), and gubernaculum length (5-8 µm vs 9-15 µm) (Loof, 1991) .
PCA analysis of H. anchoryzae
The principal component analysis was performed to study the variation within the populations of H. ancho ryzae (Fig. 2 ). An accumulated variability of 53.90% was detected in the female by the F1 (31.12%) and F2 (22.79%). All characters exhibited positive correlations among the populations and were responsible for the variability of the F1, except for a, b, c′ and tail length (Fig. 2) . Some characters such as c, c′, pharynx length, stylet length, and tail length with 22.1, 18.8, 17.1, 13.5, and 12.6% showed the most contribution to the variability and had a high correlation with the F1, while excretory pore to anterior end and body length with 34.3 and 28.2% showed a high correlation with the F2. The result indicated that two population of H. anchoryzae from Iran and Canada place close each other. Two populations of H. anchoryzae place close with the H. halophila from Germany. 
DNA characterization
The 
Phylogenetic analysis
The Bayesian inference tree of 28S rDNA of Hirschman niella species (Fig. 3 ) grouped them into three clades including (i) H. oryzae, H. belli (Sher, 1968) , and uniden- Table 3 ).
Females
The description of female body of Pratylenchus hip peastri: body length is 423 to 614 µ m, slightly curved after fixation, some specimens straight; cuticle is finely annulated with 0.9 to 1.2 µ m wide at midbody; maximum body diameter is 17 to 27 µ m; cephalic region is continuous with the body; lip region is round to flat, with a slight depression, bearing two annuli; lateral field with four lines, started with two lines 7.5 µ m from anterior end, ending at tail terminus with three lines, occupies about 25 to 36% of midbody diameter and around 53% at the vulval region; stylet length is 13.3 to 18.0 µ m, basal knobs usually rounded and flatted; dorsal esophageal gland opening (DGO) is at 1.7 to 3.6 µ m posterior to stylet base; median bulb oval, nerve ring located just after isthmus, is at 48 to 66% of the neck; excretory pore is at 80 to 112 µ m from the anterior body, at 60 to 70% of the neck; hemizonid one annuli is anterior to excretory pore; pharyngeal glands overlapped with intestine are about 32 to 43 µ m; neck is 116 to 149 µ m long, body length about 3.5 to 4.9 times than pharynx length; ovary is not reaching the pharyngeal glands; columnar cells of uterus are distinct and disposed in four rows; oocytes are in one row at growth zone (V = 75-82); spermatheca is visible, circular to oval shape, without sperm; post-vulval uterine sac is 11 to 26 µ m long, vulva with a transverse slit and protruded lips; tail is conoid with bluntly pointed, usually with a ventral constriction at the middle or subhemispherical, slightly smooth terminus; tail is with slightly indented terminus observed in some specimens; tail is 26 to 43 µ m long, about 2.0 to 2.5 times than anal body diameter; phasmid is located at about middle of the tail, 46 to 55% of the tail length; and the hyaline portion of tail terminus is 2.5 to 3.8 µ m long.
Male
Not found.
Remarks
Seven females from Potchefstroom (South Africa) in a good state of preservation were studied. This species was previously reported from Florida, USA ( and China (Wang et al., 2016) . In the present study, this species has been studied from South Africa. The morphometric characters resemble those studied previously. However, compared to the specimens studied annuli with the first being deeper than the second one (Inserra et al., 2007; De Luca et al., 2012; Wang et al., 2016) . The results indicated the uncompleted third incisure in some specimens of P. hippeastri. SEM observation of the Potchefstroom individuals indicated that two lip annuli are present, in which the first one being deeper. Uncompleted lip annuli and tail variation forms were not observed in Potchefstroom specimens. According to the identification key presented by Inserra et al. (2007), P. hippeastri is similar to P. scribneri Notes: Accession numbers: 1 = MK571451; 2 = DQ077795; 3 = JX261958; 4 = EF029861; 5 = EF029859; 6 = EF029860; 7 = JX291141, JX291142, KF201161, KF201165, KF201169; 8 = DQ328686; 9 = EU620466, EU620467; 10 = EU620468, EU620469; 11 = EU620464, EU620465; 12 = KP179327, KP179333, KF201167; 13 = KP671713.
Steiner in Sherbakoff and Stanley's (1943) study reported from Ohio (USA). These authors separated P. hippeastri from P. scribneri by a longer tail (36.6 vs 26.7 µ m), slightly longer stylet (15.4 vs 14.7 µ m), and shape of tail terminus, but often bluntly pointed and smooth terminus vs the consistently hemispherical and smooth tail terminus. The present results indicated that the stylet is overlapped in the two mentioned species (stylet length 13.3-15.4 µ m in South African population in this study). Concerning the tail end morphology, none of the South African specimens studied had smooth ends. Hence, based on the results of this study, the tail morphology of P. hippeastri seems to be different from that of P. scribneri as shown in the study of Inserra et al. (2007) . However, more specimens from different localities of South Africa are needed for the detailed description of the test populations.
Morphometric analysis on the P. hippeastri
The results based on two-tailed Pearson correlation within the five P. hippeastri populations studied showed that some morphometric data, obtained from 63 females (except for the South African specimens, the average based on the available data have been used), showed significant correlations with others. Some important morphometric data such as body length seemed to be considered to understand the correlation with each other. Results indicated that body length showed the highest correlation with the b (r = 0.786) and tail (r = 0.768), respectively (Table 5 ). On the other hand, body length had no significant correlation with some morphometric characters such as stylet length (r = 0.277). Despite the stylet length, body length showed the highest significant correlation (r = 0.931, P = 0.05) with MB (median bulb to anterior end as % of the pharynx). Tail length showed a highly significant correlation with the index b (r = 0.904).
PCA and hierarchical clustering of P. hippeastri
The principal component analysis was performed to study the variation within the populations of P. hip peastri (Fig. 7 ). An accumulated variability of 72.75% was detected in the female by the F1 (47.63%) and F2 (25.12%). All characters exhibited positive correlations among the populations and were responsible for the variability of the F1, except for a, c, V, DGO, and pharynx ( Fig. 7) . Some characters such as body length, b, MB, and tail length with 11.7, 13.2, 12.5, and 11 percent showed the most contribution to the variability and had a positive and high correlation with the F1.
The dendrogram (Fig. 8) showed the average linkage method of hierarchical clustering with p-values of five populations of P. hippeastri from different localities in the world (Inserra et al., 2007; De Luca et al., 2010; Gu et al., 2014; Wang et al., 2016; present study) . The hierarchical analysis based on important morphometric characters clustered the P. hippeastri populations studied into two groups. One group consisted of populations from the USA (Florida) and South Africa with 100 (AU: approximately unbiased) values and the second group consisted of populations from China and Japan with 100AU values (Fig. 8 ). This analysis demonstrated that the South African populations are very closely related to American populations. Moreover, the geographic pattern comprises of three continents with two of them (Africa and America) plotting completely separate from the Asian populations of P. hippeastri.
DNA characterization
The 18S rDNA (859 bp), ITS rDNA (910 bp), 28S rRNA (707 and 713 bp), and COI (mtDNA) (382 bp) gene fragments of the P. hippeastri studied during this research were amplified and compared using Nblast. The 18S rDNA of our population (MH324470) is similar to those of populations from the Israel and China (KJ001716 and KY424116; 99% identity) with three and five nucleotide difference, respectively. In addition, it is similar to a Dutch population of P. scribneri (EU669958; 99% identity) with two nucleotide differences. The ITS rDNA of the population studied (MH324471) is similar to those of populations from the USA (FN554886 and FN554888; 99% identity with one nucleotide difference only). Compared to the Chinese population of the same species, the Potchefstroom population showed two nucleotide differences (KY424236; KY424237; 99% identity). The 28S rDNA of the population studied (MH324472; MH324473) are similar with populations from the USA (FN554879 and FM994117; 99% identity) and China (KP161608 and KC796707; 99% identity), with one and two nucleotide difference, respectively. The COI gene of mtDNA of the population studied (MH324474) is similar to those of populations from China (KY424098 and KY424099; 97% identity), with 11 and 10 nucleotide differences, respectively.
Phylogenetic analysis
Regarding P. hippeastri, the Bayesian inference trees constructed on the basis of the 18S rDNA, ITS rDNA, D2 to D3 segment of 28S and COI of mtD-NA sequences are shown in Figures 9 to 12 , respectively. All populations of P. hippeastri are placed in one group with highly supported bootstrap values of 100%. Based on the phylogenetic analysis using ITS ( Fig. 10 ) and 28S rDNA, P. hippeastri placed close to P. floridensis (De Luca et al., 2010) and P. paraflori densis (De Luca et al., 2010) .
According to the 28S rDNA phylogenetic tree results ( Fig. 11) , the South African populations are more closely related to the Floridian (USA) (FM994114; FN554879) populations than to the Chinese populations (KC796706; KC796707). However, based on 18S rDNA (Fig. 9) , the South African population of P. hippeastri placed close to the same species from China (KY424166; KJ001716) as well as P. scribneri Steiner in Sherbakoff and Stanley (1943) from the Netherlands (EU669958), and P. araucensis (Múnera et al., 2009 ) from Germany (FJ154950). The COI phylogenetic results (Fig. 12 ) indicated that the South African population grouped with the Chinese population of P. hippeastri (KY424098; KY424099).
Discussion
The genus Hirschmanniella comprises 24 nominal species according to Loof (1991) and 29 nominal species are considered by Khun et al. (2015) , however, the identification of the species only based on the morphometric characters is challengeable and needs molecular approaches to assist in the precise diagnose (Khun et al., 2015) . The result obtained in this study is in agreement with those obtained by Van den Berg et al. (2009) and Khun et al. (2015) . Albeit, the morphological variations have been indicated by Khun et al. (2015) due to intraspecific variation. Hirschmanniel la mucronata was a sister taxon to H. kwazuna and H. loofi, with strong support as stated by Khun et al. (2015) . Hirschmanniella oryzae and H. belli also form a group, which is stated by Khun et al. (2015) . However, they differ in body length (1.61-2.22 mm in female and 1.4-1.90 mm in male for H. belli vs 1.03-1.63 mm in female and 1.01-1.40 mm in male for H. oryzae), stylet length (20-22 µm for H. belli vs 15-19 µm for H. oryzae), and spicule length (31-36 µm for H. belli vs 18-26 µm for H. oryzae) (Sher, 1968) . The phylogenetic result also placed H. anchoryzae together with H. pom poniensis, H. santarosae, and H. halophila. However, it differs with H. santarosae in lower value of the body length (1.7 mm vs 1.3 mm) and male (present vs absent). In comparison with H. pomponiensis, they differ in female body length (1.7-1.9 mm vs 1.7-2.4 mm), tail length (96-106 µm in female and 81-87 µm in male vs 99-189 µm in female and 97-133 µm in male), spicule length (27-30 µm vs 32-40 µm) and gubernaculum length (8.6-8.7 µm vs 10-13 µm). In comparison with H. halophila, they differ in lower value of the body (1740 µm vs 1260 µm) and mucro at tail tip (1 vs 2-4). The placement of the species based on 28S rDNA is in agreement by the PCA analysis which H. anchory zae and H. halophila place close each other.
The usefulness of morphometric analyses, due to significant correlations between some morpho-metric characteristics of females of the five populations of P. hippeastri, is suitable to find variation among populations. In addition, morphometric cluster analysis is also suggested that the variation among the P. hippeastri specimens as the South African and the USA populations were placed together, while the Chinese and Japanese populations group together, both with 100 bootstrap values.
Regarding morphometric analysis, the correlations of such measurements or indices have been studied by Divsalar et al. (2018) in the populations of P. thornei. Ryss (2002) used morphological traits to study the evolution among the species of Pratylenchus. However, the mentioned author did not report any correlation that possibly exists in the genus Pratylenchus. In our study, the body length showed correlation with the post uterine sac and tail, as well as the indices such as b′, which agreed with those reported by Divsalar et al. (2018) among the populations of P. thornei. Furthermore, Nguyen (2010) indicated that the canonical discriminant analysis grouped 10 populations of P. coffeae from Vietnam by using five morphometric characters of the male specimens successfully, representing of the usefulness of morphometric analysis among the specific species of Pratylenchus. Concerning to other plant-parasitic nematodes, Fortuner (1984) noted that the indices a, c, and c' are often useful to accurately identify species of Helicot ylenchus (Steiner, 1945) . Fortuner (1990) also revealed that the features related to body size (length and indices of a and b) showed a high correlation to each oth-er for Hirschmanniella belli. Subbotin et al. (1999) also stated that morphometric character analysis is suitable for separating populations within the H. avenae group. As a result of this study, cluster analysis, according to morphometric characteristics, grouped the South African population of P. hippeastri close to the American
